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ing ventricular septal defect (VSD), pulmonary stenosis
(PS), tricuspid insufficiency (TI), and AV block. Only 1
patient in this series had AV discordance without VA
discordance. Conventional management of AV discor-
dance has been directed at the presence of associated
lesions, without addressing discordant AV and VA con-
nections. Such an approach is under scrutiny because of
late mortality and morbidity from failure of the tricus-
pid valve and right ventricle in the systemic position,
and failure of the conduction system. The natural histo-
ry of uncorrected AV discordance led to the conception1
and performance2 of the double switch procedure in
which AV and VA connections are “corrected,” allowing
the left ventricle and mitral valve to support the sys-
temic circulation. A 40-year experience treating 127
patients with AV discordance by biventricular repair
M ost individuals born with atrioventricular (AV) dis-cordance have associated ventriculoarterial (VA)
discordance as well as major associated lesions includ-
Objective: The conventional management of patients with atrioventricu-
lar discordance is directed at associated lesions, taking advantage of
physiologic “correction”; however, the morphologic right ventricle and
tricuspid valve support the systemic circulation. Questions surrounding
survival using this approach led us to analyze our institutional results.
Methods: All patients with atrioventricular discordance undergoing
biventricular repair were analyzed (n = 127, 1959-1997), excluding those
with functionally univentricular hearts. The ventriculoarterial connec-
tion associated with atrioventricular discordance varied and was most
commonly discordant (87%), but occasionally concordant (6%), double-
outlet right ventricle (6%), or double-outlet left ventricle (1%). At ini-
tial presentation, the most common lesions associated with atrioventric-
ular discordance were ventricular septal defect (86%), pulmonary
stenosis (64%), tricuspid regurgitation (28%), and atrioventricular
block (12%). Nine patients underwent a double switch procedure to cre-
ate ventriculoarterial concordance and the remainder were managed
conventionally without correcting discordant connections. Results:
Operative mortality was 6% and did not vary by associated lesion.
Twenty years after repair, survival was 48%. Within 20 years, 56% of
patients required reoperation, usually for atrioventricular valve incom-
petence (n = 16), pulmonary stenosis (n = 16), or both (n = 3).
Pacemakers were required in 50 patients, 4 before repair, 40 within 2
months of repair, and 6 remotely after repair. In early follow-up, the
double switch procedure (n = 9) had equivalent mortality and a high
pacemaker requirement for atrioventricular block. Conclusions: Analysis
of conventional management of atrioventricular discordance revealed
cumulative increases in mortality, systemic atrioventricular valve (tri-
cuspid) replacement, complete atrioventricular block, and incidence of
reoperation. Alternative management should be examined. (J Thorac
Cardiovasc Surg 1999;117:1190-203)
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was reviewed for insight into the management of this
lesion.
Methods
All patients with AV discordance undergoing biventricular
repair at the Hospital for Sick Children and the Toronto
Congenital Cardiac Centre for Adults at the University of
Toronto were analyzed by means of a chart review coupled
with telephone survey of patients, their families, and physi-
cians. Patients unsuitable for biventricular repair were exclud-
ed. The cohort included 127 patients and spanned almost 40
years from 1959 to 1997. Complete follow-up was available
on 94% of the cohort through 1996 with a mean follow-up of
8.1 ± 7.0 years. Partial follow-up was available on 6% of the
cohort and ranged from 0 to 18.5 years (mean 8.0 ± 7.9 years).
Anatomic variations. Situs solitus was present in 93% of
the cohort and situs inversus in 7%. The heart was levo-posi-
tioned in 82% of the cohort, dextro-positioned in 13%, and
meso-positioned in 5%. The most common VA connection
was discordant in 87% of patients. Double-outlet right ventri-
cle (6%) and VA concordance (6%) comprised equal but
smaller percentages of the cohort. A single case of double-
outlet left ventricle was present.
The incidence of the 3 most common lesions associated
with AV discordance managed with biventricular repair var-
ied (Fig 1). VSD was present in 86% of the cohort, PS in
64%, and TI in 28%; however, patients had varying combina-
tions of associated lesions. The most common of these was
VSD combined with PS, accounting for 72 patients (56% of
the cohort). Four other combinations accounted for smaller
proportions of the cohort, namely VSD/TI (14 patients, 11%),
isolated VSD (17 patients, 14%), isolated TI (13 patients,
10%), and the combination of VSD/PS/TI (7 patients, 6%).
Notably, isolated PS (2 patients, 2%) and PS/TI (1 patient,
1%) formed extremely small percentages of the cohort.
Surgical repairs. The technique of repair varied according
to lesion. In groups managed with conventional surgical repair,
VSDs were closed by means of standard patch closure,
attempting to avoid the conduction system as described by de
Leval and associates.1 In the 95 patients undergoing VSD clo-
sure with a conventional repair, the approach to the VSD var-
ied. Thirty-nine VSDs were closed through the left ventricle, 5
through the right ventricle, 43 through the right atrium, 3
through the left atrium, and 5 through the aorta. At the time of
initial open repair, 27 patients with incompetent tricuspid
valves were managed initially either by replacement (with a
mechanical valve [19 patients, 70%] or a bioprosthetic valve [3
patients, 11%]) or by repair (5 patients, 19%). The manage-
ment of 71 patients with PS used conduits (63 patients, 89%),
pulmonary valve and subvalvular resection (7 patients, 10%),
or REV (réparation à l’étage ventriculaire, 1 patient, 1%). The
REV was accomplished by exposing the morphologic left
coronary artery in the AV groove to facilitate direct connection
of the mobilized and divided main pulmonary artery on the
shoulder of the heart so as to minimize anterior compression of
the right ventricular outflow tract by the sternum.
In the double switch (ie, Ilbawi) procedure to correct VA
discordance,2 the left ventricular outflow was redirected to
the aorta and the right ventricle was connected to the pul-
monary artery either by an arterial switch (n = 1) or by a
Rastelli procedure (n = 8). To correct AV discordance, an atri-
al switch (Mustard procedure) was added. One additional
patient had AV discordance (with VSD) and was managed
with a VSD repair and Mustard procedure to correct her iso-
lated ventricular inversion.
Age at repair. Age at open biventricular repair ranged
from newborn to 65 years (Fig 2A). The median age in the
entire cohort at initial repair was 8 years, but age at repair
varied by diagnosis (Fig 2B). For instance, patients undergo-
ing biventricular repair for AV discordance who had isolated
VSDs tended to undergo repair earliest at a median age of 3.5
years (range 0.1-12.8 years), whereas those with tricuspid
valve regurgitation underwent valve repair or replacement at
a median age of 16.6 years (range 0.6-65 years).
Statistical analysis. All Kaplan-Meier analyses were per-
formed with SAS software (SAS Institute, Inc, Cary, NC).
Comparisons between groups were made using the log-rank
test. Survival was examined by Kaplan-Meier analysis either
from date of initial repair or from date of birth. Although
selecting only surgical patients introduced a selection bias,
we believe such an analysis provides important insight into
the history of patients with AV discordance and associated
lesions requiring surgery. In particular, the age range for first
operation is so wide within the cohort that it is illustrative to
examine patient survival from birth, to demonstrate the sur-
vival of the surgical cohort as a whole.
With regard to reoperation (including tricuspid valve
surgery, pacemaker placement, and conduit replacement), in
addition to analyzing freedom from each of these events indi-
vidually, also included is an analysis of freedom from the
event or freedom from death. Since death precluded patients
Fig 1. Associated lesions in AV discordance (n = 127). Venn
diagram depicting the overlap between the 3 most common
associated lesions of AV discordance: VSD, PS, and TI. The
total percentage of each associated lesion is indicated in
parentheses. The numbers of patients with every possible
combination of lesions is indicated by the numbers within the
intersecting lines.
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from reoperation, omitting death as part of the censoring
process for the event “reoperation” made freedom from reop-
eration appear better than it actually was.
Results
Survival of cohort. Survival of the cohort of patients
with AV discordance (who underwent biventricular repair) is
shown from date of operation (Fig 3A) and from date of birth
(Fig 3B). Seven of 127 patients died early after open repair
(Table I), yielding an operative mortality of 6%. Kaplan-Meier
survival 20 years after the date of initial repair was 48% (Fig
3A). From date of birth, survival declined progressively over
time and was 50% at age 41 years (Fig 3B). To control for
technologic advances in cardiac surgery, survival was com-
pared between the first and second halves of the cohort, but it
did not significantly vary between eras (P = .24).
Fig 2. A, Cumulative frequency of ages at which patients underwent biventricular repair for lesions associated
with AV discordance. Entire cohort. B, Cumulative frequency of ages at which patients underwent biventricular
repair for lesions associated with AV discordance. Subset analysis of major diagnostic groups. Patients with iso-
lated VSDs underwent repair earliest at a mean age of 3.5 years. Those with tricuspid valve regurgitation (TVR)
required surgery at a median age of 16.6 years.
A
B
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Subset analysis of our early experience with the dou-
ble switch procedure revealed an early mortality (1/9
patients) that was similar to that of conventionally man-
aged patients; however, maximum follow-up was only
8.6 years.
Survival by type of repair. Survival revealed no sig-
nificant differences among the 4 major diagnostic
groups in the cohort when analyzed from date of initial
repair (Fig 3C, P = .36). Although survival in patients
with isolated VSDs appeared to be better, this trend was
not statistically significant (P = .86). Whether or not
the discordance was corrected by means of the double
switch procedure also did not affect survival; however,
maximum follow-up of the 9 patients undergoing a
double switch procedure is limited to 8.6 years, at
which time patient survival is 89%.
Reoperation. The causes of late death are enumerat-
ed in Table II. Death at reoperation (usually from
Fig 3. A, Kaplan-Meier survival of patients with AV discordance. Survival of the entire cohort (n = 127) from
date of initial repair. B, Kaplan-Meier survival of patients with AV discordance. Survival of the entire cohort from
date of birth.
A
B
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myocardial failure) accounted for 36% of late deaths.
Sudden unexplained death, documented arrhythmia,
and progressive myocardial failure comprised the
remainder. Forty-four patients required 1 or more reop-
erations. The risk of death at reoperation increased
exponentially with each procedure (Table I).
Freedom from reoperation (Fig 4A) revealed that, by
10 years, 65% of patients were free of reoperation;
however, 15% of those patients had died before any
reoperation. Notably, 80% of reoperations included
procedures either for tricuspid regurgitation or for pul-
monary conduit stenosis (Table III). Three patients
required reoperation for residual VSD, 1 for endocardi-
tis, and 2 for myocardial failure (managed by heart
transplantation). The original diagnosis for which the
operation was performed had no effect on the rate of
reoperation (Fig 4B).
In follow-up of our early experience with the double
switch procedure (n = 9), 3 of 8 survivors required
reoperation for left ventricular outflow tract obstruc-
tion. One patient with bilateral superior venae cavae
(SVCs) underwent a double switch procedure with
bilateral cavopulmonary shunts (one and a half ventri-
cle repair) but subsequently required left SVC ligation
for pulmonary hypertension and resultant SVC syn-
drome. After the double switch procedure, subsequent
valve surgery has not been required, but maximum fol-
low-up is only 8.6 years.
Tricuspid valve failure. Tricuspid valve failure was
Fig 3C. Kaplan-Meier survival of patients with AV discordance. Survival of cohort from date of initial repair ana-
lyzed by major diagnostic group, that is, VSD only (n = 17), VSD-PS (n = 72), VSD-TVR (n = 14), and TVR
only (n = 13). TVR, Tricuspid valve regurgitation.
C
Table I. Operative mortality for initial repair and
subsequent reoperations
No. of deaths/ Operative 
No. of operations mortality (%)
First repair 7/127 6
First reoperation 7/41 17
Second reoperation 2/3 67
Third reoperation 0/1 0
Fourth reoperation 0/1 0
Fifth reoperation 1/1 100
Table II. Causes of late death after initial operation
No. Late deaths (%)
Reoperation 10 36
Sudden, unexplained 8 29
Documented arrhythmia 3 11
Progressive myocardial failure 6 21
Infection 1 3
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Fig 4. A, Freedom from reoperation in AV discordance. Entire cohort. B, Freedom from reoperation in AV dis-
cordance. Separation by original diagnosis. Since death precluded reoperation, freedom from reoperation and
freedom from death are depicted; otherwise, freedom from reoperation alone was misleadingly high.
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an important cause of morbidity and mortality, both at
initial repair and during subsequent follow-up. Forty-
two of 127 patients (34%) have required tricuspid valve
repair or replacement to date. Twenty-seven of these
required tricuspid valve replacement or repair at initial
repair. Of these 27, 4 have required a subsequent oper-
ation for tricuspid valve failure at a mean age of 10
years (median 14.2 years) after the initial repair.
Of the 98 patients who did not require tricuspid valve
surgery at initial repair, 14 (14%) have required subse-
quent tricuspid valve surgery by a mean age of 19.9
years (median 17.4 years). Although some of these
patients had Ebsteinoid anomaly of the tricuspid valve,
Fig 5. Freedom from tricuspid valve (TV) surgery in AV discordance.
Table III. Indications for reoperation
Reoperation Reoperation type No. %
First (n = 41) TVR 16 36
PS 16 36
Conduit failure 14
No previous conduit 2
TVR-PS 3 7
Residual VSD 3 7
Heart transplant 2 3
(1 after double switch)
Infection 1 2
LVOTO 3 7
(after double switch)
LSVC ligation 1 2
Total 45 100
Second (n = 3) VSD-conduit 1 33
TVR-MV repair 1 33
TVR 1 33
Total 3 100
Third, fourth, and fifth TVR 1 100
(n = 1)
Total 1 100
TVR, Tricuspid valve repair/replacement; PS, pulmonary stenosis; VSD, ven-
tricular septal defect; LVOTO, left ventricular outflow tract obstruction; LSVC,
left superior vena cava; MV, mitral valve.
Table IV. Cardiac arrhythmias: Summary of immediate
preoperative and postoperative rhythms and need for
perioperative pacemaker placement
Immediate Immediate 
preop postop
Ryhthm No. % No. %
Sinus rhythm 100 80 61 49
Complete AV block 16 12 48 38
Wolff-Parkinson-White 3 2 1 1
syndrome
Sick sinus syndrome 0 2 2 2
Supraventricular tachycardia 3 2 4 3
Atrial fibrillation 1 1 1 1
Other 0 0 1 1
Pacemaker 4 3 40 27
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Fig 6. Freedom from pulmonary conduit replacement in AV discordance.
Table V. Advantages and disadvantages of conventional and novel management of both isolated VA discordance
and AV-VA discordance
Disadvantages Advantages
VA discordance (simple transposition)
Atrial switch Baffle complications Proven long-term track record (in simple 
Obstruction TGA)
Leak
Atrial arrhythmias
Decreased activity level (?quality of life)
Morphologic RV failure in systemic position
Morphologic TV failure in systemic position
Arterial switch Propensity for late coronary artery obstruction Anatomic correction (in theory)
RVOTO from pulmonary artery reconstruction Morphologic LV in systemic position
Morphologic MV in systemic position
Better outcomes (in complex TGA)
Rastelli procedure LVOTO (baffle obstruction) Anatomic correction (in theory)
RVOTO from pulmonary artery reconstruction Morphologic LV in systemic position
Conduction system at risk with VSD enlargement Morphologic MV in systemic position
Ventricular dysfunction with VSD enlargement Better outcomes (in complex TGA)
AV-VA discordance (corrected transposition)
Associated lesion repair Morphologic RV failure in systemic position Simpler operation
Morphologic TV failure in systemic position
Double switch Operative risk with uncertain benefits Anatomic correction (in theory)
Combined potential complications of: Morphologic LV in systemic position
Atrial switch (above) Morphologic MV in systemic position
Arterial switch or Rastelli (above)
VA, Ventriculoarterial; AV, atrioventricular; RV, right ventricular; TV, tricuspid valve; RVOTO, right ventricular outflow tract obstruction; LVOTO, left ventricular out-
flow tract obstruction; VSD, ventricular septal defect; TGA, transposition of the great arteries; LV, left ventricular; MV, mitral valve.
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the exact tricuspid valve disease is unknown in our
cohort for several reasons. The defect in the tricuspid
valve was often subtle; some patients underwent
surgery before the advent of echocardiography, and the
left-sided AV valve was difficult to visualize at surgery.
Fifty percent of patients with AV discordance
required tricuspid valve surgery by age 35 years (Fig
5). Tricuspid valve failure requiring surgery increased
with age. When we compared patients who underwent
tricuspid valve surgery at initial repair versus those
who required tricuspid valve surgery after their initial
repair, no difference in actuarial survival was noted.
Pulmonary conduit failure. Pulmonary conduit fail-
ure was an important source of morbidity and mortali-
ty (Fig 6). Of the 66 patients who had pulmonary con-
duits placed at initial repair, within 12 years 49%
required conduit replacement; however, an additional
13% had died before coming to conduit replacement.
AV block. Preoperatively, 80% of patients were in
sinus rhythm, 12% in complete AV block (including
3% who required pacemakers, as shown in Table IV).
Postoperatively, 49% of patients were in normal sinus
rhythm, 38% in complete AV block, and 27% were sup-
ported by a pacemaker. The majority of AV blocks
occurred early, but with minimal ongoing attrition of
the conduction system with age (Fig 7). Twenty years
after the initial repair, 60% of patients were free of
pacemaker placement. The presence of situs inversus
did not increase the need for perioperative pacemaker
placement. Because of the recognized propensity for
AV block to develop in patients with AV discordance,3
one might expect that pacemaker placement would
confer a survival advantage; however, patients who
required pacemakers had no better (or worse) survival
than those who did not. In our early experience with the
double switch procedure, 5 of 9 required perioperative
pacemaker placement for complete AV block.
Discussion 
Historically, the management of AV-VA discordance
has been directed at the frequent presence of associat-
ed lesions (VSD, PS, and TI), as well as the develop-
ment of progressive AV block over time. In this series,
the majority of patients were managed conventionally
by repairing associated lesions and not addressing dis-
cordant connections. Substantial late morbidity and
mortality with this algorithm were a result of the rec-
ognized natural and postoperative history of AV discor-
dance. Sudden death, documented arrhythmia, and pro-
gressive myocardial dysfunction account for the largest
Fig 7. Freedom from pacemaker placement in AV discordance.
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proportion of late deaths. The Mayo Clinic reported the
development of spontaneous AV block and found that
the risk was 2% per year after diagnosis.3 Our out-
comes are probably explained by the theories that have
been advanced to explain the natural history of discor-
dance, that is, (1) failure of the morphologic right ven-
tricle in the systemic position, (2) failure of the mor-
phologic tricuspid valve in the systemic position, and
(3) failure of the conduction system. Indeed, these
problems are interrelated and each has been postulated
to result in the other two. Which was primarily respon-
sible was impossible to discern retrospectively.
Controversies in the pathophysiology of AV dis-
cordance. In some patients, repair of VSD with or
without left ventricular outflow tract obstruction may
have led to progressive systemic AV valve regurgita-
tion.4 Because function of the morphologic right ven-
tricle was often depressed, discerning whether valve
regurgitation reflects a failing right ventricle and annu-
lar dilatation or whether severe AV valve regurgitation
has negatively affected ventricular function was prob-
lematic. In some older patients with AV and VA discor-
dance “in isolation,” right ventricular function is seem-
ingly preserved. A number of reports of adults aged 60
to 80 years with AV discordance suggest that the mor-
phologic right ventricle may function successfully as
the systemic ventricle for a normal life span in patients
with no major associated lesions.5-9 Radionuclide
assessment of ventricular function supports this as
well.10 In contrast, data from Peterson and associates11
suggested that patients with AV discordance have an
abnormal exercise response in that they failed to
increase their systemic ejection fraction with exercise.
Regardless of the ongoing debate, multiple centers have
reported disappointing 10-year survival using conven-
tional management (Table VII).12-18 In our series, sur-
vival 20 years after the initial repair was only 48%.
Lessons learned in the management of complete
transposition (VA discordance). It is interesting to
review the historical and current management algo-
rithms for complete transposition (VA discordance)
with respect to morbidity (Table V) and mortality
(Table VII). The atrial switch procedures (Mustard,
Senning)19 and procedures designed to correct VA dis-
cordance (Jatene arterial switch, Rastelli proce-
dure)20-22 each have their own shortcomings.
In analyzing outcomes (Table VI), surgical correction
of discordant VA connections resulted in superior
preservation of systemic (left) ventricular function and
systemic (mitral) valve competence. Furthermore,
avoidance of atrial switch procedures protected atrial
conduction. Although survival was not improved in
simple transposition of the great arteries (Table VI), in
the treatment of complex transposition (typically asso-
ciated with VSD), correcting VA connections improved
10-year survival to 77% (versus 63% obtained using
the Mustard procedure).23 Teleologically, this improve-
ment supports the theory that correcting discordant VA
connections relieves the morphologic right ventricle
and the tricuspid valve of the need to support systemic
hemodynamic loads and is more important in patients
who have a major associated lesion than in those with
isolated complete transposition.
Parallels in the pathophysiology of AV discor-
Table VI. Historical comparison of management algorithms for VA and AV-VA discordance comparing survival
when VA discordance was not corrected versus survival when VA discordance was corrected
Discordance
Survival
If VA discordance If VA discordance 
Type Complexity Time uncorrected corrected
AV Simple 10 year 89%* 88%*
20 year 77%* ???
Complex (usually VSD) 10 year 63%* 77%*
20 year 46%* ???
AV-VA Simple 10 year Too rare Too rare
20 year Too rare Too rare
Complex (usually VSD, PS, TI) 10 year 76% ???
20 year 48% ???
The similar 20-year survival for complex VA discordance to that for “complex” AV-VA discordance managed without correcting VA discordance sug-
gests that failing to restore VA concordance results in suboptimal survival. The advent of the arterial switch (ie, correction of VA discordance) improved
10-year survival in complex transposition by 14%. Can we anticipate a similar improvement in AV-VA discordance with the double switch operation?
AV, Atrioventricular; VA, ventriculoarterial; VSD, ventricular septal defect; PS, pulmonary stenosis; TI, tricuspid insufficiency; ???, data not available yet.
*Unpublished data, University of Toronto.
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dance. To some degree, isolated AV discordance is
analogous to simple transposition of the great arteries
(no major associated lesions). Both share the patho-
physiologic combination of a morphologic right ventri-
cle and tricuspid valve supporting the systemic circula-
tion (although the tricuspid valve is more frequently
abnormal in AV discordance). When AV discordance in
isolation was examined, our experience was too small
(n = l) for meaningful analysis. This patient (with AV
discordance, VA concordance, and VSD) underwent a
Mustard procedure and VSD repair at 17 months of age
and continues to do well 11.4 years after repair. Like
patients with VA discordance after arterial switch, one
would expect such patients with isolated AV discor-
dance to have a favorable natural history once concor-
dance was surgically established between the morpho-
logic left ventricle and systemic circulation.
Unfortunately, patients with AV discordance almost
always have associated lesions; therefore, AV discor-
dance is conceptually similar to complex transposition
of the great arteries (transposition and VSD). The sur-
vival of patients with AV discordance managed con-
ventionally is remarkably similar to that of complex VA
discordance managed with an atrial switch operation
(therefore without correcting VA connections, Table
VI).23 Inferentially, the residual pathophysiologic prob-
lem in both VA discordance after atrial switch and AV-
VA discordance managed conventionally without cor-
recting discordant connections is that the morphologic
right ventricle and tricuspid valve are exposed to sys-
temic hemodynamic loads.
The double switch procedure: Panacea or
Pandora’s box? In 1988, to address this concern, de
Leval and associates1 first theorized the double switch
procedure. Ilbawi and colleagues,2 in 1990, were the
first to report successful cases (n = 2). The results of all
published series in which this approach was used2,24-28
are summarized in Table VII and compared with other
published series using conventional correction of asso-
ciated lesions.12-18 Operative mortality was similar to
that of conventional repair, but long-term follow-up was
insufficient to conclude an overall superiority for this
procedure. Our data for conventional repair (74% sur-
vival at 10 years and 48% survival 20 years after repair)
suggest that differences in survival may not become evi-
dent until 10 years of follow-up have elapsed.
Because AV discordance is uncommon, published
series are relatively small. Small numbers of patients
combine with institutional biases (including our own)
to make objective demonstrations of superiority (by
randomized controlled trial) extremely unlikely. The
double switch operation combines 2 operations: an atri-
al switch procedure (Mustard or Senning) and a proce-
dure to correct VA discordance (either a Jatene arterial
Table VII. Comparison of existing AV discordance series: Management was either conventional or double switch 
operation. [NA: data not available].
Biventricular 
Year First Years Arterial repairs Deaths 
published author Location Country of study switches (No. patients) (operative)
Conventional management
1981 Huhta12 Rochester, MN USA 1951-81 NA 55 15
1982 Hwang13 New York, NY USA 1969-80 NA 18 2
1982 Westerman18 Boston, MA USA 1974-81 NA 23 2
1985 McGrath14 Birmingham, AL USA 1967-83 NA 99 14
1995 Sano15 Melbourne Australia 1980-93 NA 28 1
1996 Szufladowicz16 London England 1975-90 NA 87 13
1996 Termingnon17 Paris France 1974-94 NA 52 8
1997 Yeh Toronto Canada 1959-97 NA 118 6
Summary 480 61
Double switch
1990 Ilbawi2 Chicago, IL USA NA 0 2 0
1992 Di Donato24 Rome Italy NA 0 2 0
1994 Imai25 Tokyo Japan 1989-93 3 18 2
1994 Yagihara26 Osaka Japan 1987-93 4 10 1
1995 Stumper27 Birmingham England 1991-93 0 4 0
1996 Delius28 London England 1993-94 1 3 0
1997 Yeh Toronto Canada 1988-97 2 9 1
Summary 10 48 4
CHB,Complete heart block; PM, pacemaker.
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switch in the absence of pulmonary stenosis or a
Rastelli-like procedure in the presence of VSD and PS).
After a double switch procedure, Imai and coworkers25
reported a decrease in right ventricular end-diastolic
volume from 122% to 78% with unloading of the right
ventricle and no significant change in left ventricular
end-diastolic volume before (134% of normal) and
after (127% of normal) the procedure. The early devel-
opment of 3 cases of left ventricular outflow tract
obstruction in our series after Mustard/Rastelli repair
was disconcerting and argues for careful and ongoing
follow-up of patients managed by this algorithm. The
Rastelli procedure is most easily accomplished when
the VSD is anterior, muscular, subaortic, and also free
of conduction tissue. The more typical inlet perimem-
branous VSD presents more of a challenge. Further-
more, in our hands, the incidence of acquired complete
AV block was high. Others have avoided AV block
(Table VII), and we believe that sinus rhythm can be
preserved by avoiding technical errors in tunnel con-
struction. Paradoxically, the high incidence of block in
corrected transposition may be protective against the
supraventricular tachycardias incurred after atrial
switch procedures. Finally, in cases in which a pul-
monary conduit was used, and possibly even in cases in
which an REV procedure was employed,29 the morbid-
ity arising from conduit stenosis will be formidable.
Results with conventional management of AV discor-
dance were disappointing. Elimination of pulmonary
conduits by using an REV procedure, advancements in
pulmonary conduit preservation and longevity, and elu-
cidation of differences between surgical techniques (or
patient substrate) allowing more successful avoidance
of complete AV block may diminish risks of the double
switch approach.
Anecdotally, the single atrial switch/arterial switch in
our series had an excellent result. Patients amenable to
an arterial switch as part of a double switch repair will
not have PS and are unlikely to have a restrictive VSD.
It is probable that an atrial switch/Rastelli combination
(used for the diagnosis combination of VSD and PS) is
associated with significantly higher morbidity and
mortality than the atrial switch/arterial switch combi-
nation (typically used for the diagnosis of VSD or tri-
cuspid regurgitation). The subgroup eligible for the
atrial switch/arterial switch combination are ideal dou-
ble switch candidates and will avoid the problems of
the Rastelli procedure (intraventricular tunnel stenoses
and pulmonary conduit failure), as well as the problems
of AV/VA discordance (tricuspid valve incompetence
and right ventricular dysfunction).
For completeness, 2 alternatives to conventional
management or double switch procedures should also
be considered. Many patients with AV discordance and
CHB Mean Actuarial Actuarial Mortality 
Deaths requiring follow-up survival survival Mortality (cohort 
(late) PM (perioperative) (y) (10 y) (20 y) (operative) to date)
29 12 NA 54% NA 27% 80%
2 2 4.5 NA NA 11% 22%
3 6 NA NA NA 9% 22%
18 23 NA 68% NA 14% 32%
0 9 5.8 83% NA 4% 4%
4 17 NA 68% NA 15% 20%
8 14 7.6 71% NA 15% 31%
28 33 8.0 75% 48% 5% 29%
92 116 NA 70% 48% 13% 32%
0 0 0.8 NA NA 0% 0%
NA 0 0.5 NA NA 0% 0%
0 0 1.9 NA NA 11% 11%
2 1 0.9 NA NA 10% 30%
0 1 NA NA NA 0% 0%
NA 0 0.9 NA NA 0% 0%
0 5 2.3 NA NA 11% 11%
0 7 NA NA NA 5% 7%
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PS remain free of symptoms for years. Some benefit
from Helen Taussig’s philosophy of placing a sys-
temic–pulmonary artery shunt as long-term definitive
palliation. This approach was not examined in our
cohort; however, these data serve as the baseline for
future comparisons. A second alternative would be
converting these patients to a univentricular circulation,
avoiding the morbidity and mortality associated with
iatrogenic AV block and pulmonary conduit failure.
Twenty-year survival after Fontan’s procedure for
patients with a single ventricle at our institution was
50% to 60%, but a univentricular conversion in a
patient with 2 adequate ventricles may not provide
superior survival or quality of life.
The theoretic advantage of correcting discordant AV
connections must outweigh the complications of the
component procedures comprising a double switch.
Inasmuch as early mortality using the double switch
procedure was no higher than that obtained with con-
ventional management of AV discordance (Table VII),
and since 20-year survival of conventionally managed
patients who did not undergo correction of VA discor-
dance was only 48% (Table VI), continued application
of the double switch procedure seems reasonable in the
expectation that correcting VA discordance will provide
a survival advantage as it did in complex transposition.
The patients in whom an arterial switch can be used are
ideal candidates for the double switch. Perhaps a ran-
domized controlled trial would most rapidly identify
any advantage (or danger) of using this approach.
Conclusions 
Patients undergoing operative repair with discor-
dance at the Hospital for Sick Children and the Toronto
Congenital Cardiac Centre for Adults were analyzed.
Results of conventional management were disappoint-
ing, with important morbidity and mortality from a rec-
ognized predisposition of AV discordance for tricuspid
valve failure, right ventricular dysfunction, and con-
duction system failure. Additionally, important prob-
lems were encountered with postoperative AV conduc-
tion block and pulmonary conduit failure.
Twenty years after initial repair, only 48% of the
cohort was surviving (average patient age 42 years).
Within 16 years, 57% of patients required reoperation
and 35% required pacemaker placement. Within 12
years of conduit placement, 50% of patients required
conduit replacement. By age 40, 47% of patients had
required tricuspid valve surgery. Early results with the
double switch operation were encouraging, with equiv-
alent early mortality to conventional management;
however, its potential advantages will require long-
term follow-up.
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